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Abstract

The effects of the H, receptor blocker SA-97, the

Hi receptor blocker cimetidine, the tyrosine hydroxy-

lase inhibitor a -methyl-para-tyrosine and the H,

receptor and norepinephrine uptakci blocker diphen-

hydramine on histamine- or 4-methyl histamine-in-

duced inhibition of melanin dispersion in the fiddler

crab, Uca pugilator undergoing a background trans-

fer from white to black were determined. Only cimeti-

dine significantly antagonized the 4-methyl histamine-

evoked decrease in melanin dispersion. a-Methyl-

para-tyroslne by itself significantly diminished where-

as diphenhydramine by itself significantly potentiated

the amount of this centrifugal melanin migration in

the fiddler crabs. None of these drugs affected

melanin migration in vitro. The results are consistent

with the hypotheses that norepinephrine triggers re-

lease of a melanin-dispersing hormone and that H, re-

ceptor activation decreases impulse-mediated nore-

pinephrine release in this crab.

INTRODUCTION

Translocation of the melanin in the

melanophores of the fiddler crab, Uca

pugilator, is regulated by antagonistic

neurohormones, a melanin-dispersing

hormone (MDH) and a melanin-concen-

trating hormone (Carlson, 1935; Sandeen,

1950; Fingerman, 1956). Norepinephrine

(NE) triggers release of MDHin this crab

(Fingerman et al., 1981; Hanumante and
Fingerman, 1981a,b; 1982a,b,c; Hanu-
mante et al., 1981). Recently histamine

(HA) has been shown to inhibit melanin
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dispersion in a dose-dependent manner

(Hanumante and Fingerman, 1981b). Use

of a variety of histaminergic agonists and

antagonists led to the hypothesis that two

types of HA receptors, called H, and H2,

are present on NE neurons that trigger

MDHrelease and that HAexerts its inhibi-

tory action by stimulating the H2 recep-

tors. The present investigation was devised

to obtain further support for this

hypothesis. This objective was carried out

by observing the effects of specific mam-
malian histaminergic and noradrenergic

agents not used previously on the inhibi-

tory action of HAand 4-methyl histamine

(4-MeHA; a selective H2 receptor agonist,

Owen et al., 1979; Douglas, 1980; Polanin

et al., 1981) on melanin dispersion in Uca

pugilator transferred from a white to a

black background.

Materials and Methods

Adult male fiddler crabs, Uca pugilator,

from the vicinity of Panacea, Florida,

(Gulf Specimen Company) were used.

Their melanophores were staged according

to the system of Hogben and Slome (1931)

whereby stage 1 .0 represents maximal pig-

ment concentration, stage 5.0 maximal

pigment dispersion and stages 2.0, 3.0, and

4.0 the intermediate conditions. When
intact crabs were used, the melanophores

seen through the cuticle on the anteroven-

tral surface of the second walking leg on

the right side were staged at the time a sub-
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stance was injected and 15, 30, 60, 90, and
120 minutes thereafter. To facilitate com-
parison of the responses of the experimen-

tal and control crabs, mean differences

between the 15 through 120 minute
melanophore stages for the control and ex-

perimental groups were calculated for use

in Table 1 . The depicted data are based on
the mean melanophore stages of 20 intact

crabs (10 experimental and 10 control) or

20 isolated legs (10 experimental and 10

control). When assays were performed on
isolated legs, the melanophores were
staged only at the time the legs were
removed from the crab (at which time the

legs were perfused with the test or control

solution) and 15, 30, 45, and 60 minutes

thereafter. The second and third walking

legs from both sides of the crab were
removed; the legs from the right served as

experimentals and the legs from the left

side received control solution; the melano-
phores on the anteroventral surface of

these isolated legs were observed for

staging. The assays were performed using

isolated legs having initially either maxi-

mally concentrated melanin (stage 1.0) or

maximally dispersed melanin (stage 5.0).

Melanophores in isolated legs of this crab

remain responsive for at least 120 minutes

(Herman and Dallmann, 1975). The statis-

tical significance of the data was deter-

mined using Standard Errors of the Means
(SEM) the Student's t test with significance

set at the 95% confidence interval. None
of the data for isolated legs were statis-

tically significant.

The volume of the solution injected into

each crab or isolated leg was always 0.05

ml. The experiments with intact crabs and
isolated legs were performed at 24 °C under
an illumination of 1190 Ix. 4-MeHA dihy-

drochloride (Smith, Khne and French),

cimetidine (N"-Cyano-N-methyl-N'-{2-
(5-methylimidazol-4-yl) methylthioethyl}

guanidine) (Smith, Kline and French) and
SA-97 (homochlorcyclizine) (Eisai) were
generous gifts. In addition, HA, amethyl-
para-tyrosine (a-MPT) and diphenhydra-
mine HCl (all from Sigma) were used. The
concentration used for each drug, whether

injected alone or in combination, was 20
ug/dose of the free compound. All drugs
except cimetidine were dissolved in

Pantin's physiological saline (Pantin,

1934). Cimetidine was dissolved in acidi-

fied (a drop of 1,2 MHCl) saline. Conse-
quently, a drop of HCl (1.2 M) was added
to control saline for the cimetidine exper-

iments. The rest of the controls received

pure saline.

Results and Discussion

4-MeHA, an H2 receptor agonist,

slowed the rate of melanin dispersion, as

observed earlier by Hanumante and Fin-

german (1981b), in intact crabs transferred

from a white to a black background (Table

1). Cimetidine, which selectively blocks

mammalian H2 receptors (Douglas, 1980;

Polanin and McNeill, 1981) significantly

antagonized the 4-MeHA. On the other

hand, the H, receptor blocker SA-97 not
only did not antagonize the 4-MeHA but
the combination of 4-MeHA plus SA-97
resulted in significantly further inhibition.

None of these drugs affect melanin migra-
tion in vitro nor do SA-97 and cimetidine

by themselves have an effect on the rate of

melanin dispersion in crabs undergoing a

background change from white to black

(Hanumante and Fingerman, 1981b), a

black background fostering melanin dis-

persion (Brown and Hines, 1952) which
will be effected by MDH.

a-MPT selectively inhibits tyrosine

hydroxylase. This enzyme catalyzes the

synthesis of dihydroxyphenylalanine from
tyrosine. At least in mammals this is the

rate-limiting step in the biosynthesis of

NE (Terrasawa et al., 1975; Lofstrom and
Backstrom, 1978). a MPTby itself signi-

ficantly decreased melanin dispersion.

HA by itself, as reported earlier

(Hanumante and Fingerman, 1981b), sig-

nificantly reduced centrifugal melanin
migration in intact crabs transferred from
a white to a black background. However,
in the crabs that were co-administered

either 4-MeHA and a-MPT or HA and
a-MPT (Table 1), 4-MeHA and HA were

not able to produce further, significant



No. 2 Melanin Migration in Crabs 105

reduction of the melanin dispersion.

Diphenhydramine, a blocker of H, recep-

tors and NE uptake, in mammals (Isaac

and Goth, 1965; Fantozzi et al., 1975;

Marco et al., 1980), by itself significantly

enhanced melanin dispersion. However,

when HA was co-administered with

diphenhydramine, the HA-induced inhi-

bition in melanin dispersion was still

evident (Fig. 1).

The present data, in light of our earlier

report (Hanumante and Fingerman,

1981b) and the pharmacological actions

of noradrenergic and histaminergic agents

in mammals, further strengthen the hypo-

thesis that (a) NE serves as a neurotrans-

mitter triggering release of MDHand that

(b) activation of H2 receptors located on

NE neurons which control MDHrelease

results in a decrement of melanin disper-

sion in Uca pugilator transferred from a

white to a black background. The
observations that cimetidine, a selective

H2 receptor blocker, antagonized the

4-MeHA-induced inhibition in melanin

dispersion, whereas the Hi blocker SA-97

did not, reveal that this effect is mediated

specifically by activation of HAH2 recep-

tors. The marked increase in inhibitory

effect of 4-MeHA when co-administered

with the Hi antagonist SA-97 was

probably due to the fact that excitation of

H, receptors evokes enhanced melanin

dispersion (Hanumante and Fingerman,

1981b), blocking them would prevent any

endogenous Hi stimulation of the crabs.

This would enable 4-MeHA, an agonist of

H2 receptors, to produce an even greater

inhibition of the melanin dispersion. On
the contrary, in the crabs whose H2 recep-

tors were blocked by cimetidine, 4-MeHA
was unable to significantly decrease the

action potential-mediated release of NE,
which in turn resulted in a near normal

quantity of MDHbeing released into the

hemolymph of these crabs transferred to

the black background. The fact that

metiamide, another H2 receptor blocker,

significantly antagonized the 4-MeHA-
stimulated decrease in centrifugal melanin

migration (Hanumante and Fingerman,

1981b) in vivo further strengthens this

conclusion.

NE has been found (0.51 pg/g) in the

supraesophageal ganglia of male fiddler

crabs (Hanumante and Fingerman,
1982b). Also, we have provided evidence

that Hi and H2 receptors occur on NE
neurons because in fiddler crabs pretreated

with 6-hydroxydopamine (which
presumably destroys NE neuroterminals in

Uca as it does in vertebrates) (Hanumante
and Fingerman, 1982b,c) HA is unable to

significantly reduce further the melanin

dispersion (Hanumante and Fingerman
1981b). We have not determined (i) the

levels of NE in a-MPT injected crabs or (ii)

the exact mechanism of action of a-MPT
in Uca puilator. However, data that we
obtained using noradrenergic and histadre-

nergic agents (Hanuamante and Finger-

man, 1981b) reveal that 20 MPT clearly

interferes with NE neurotransmission.

This probably was either by way of its well-

established (at least in mammals) pharma-
cological NE synthesis-inhibiting effect

(Terraswawa et al., 1975; Lofstrom and

HOURS

Figure 1. Relationships between melanophore stage

and time. Circles with bottom-half darkened, crabs

that received diphenhydramine; circles with top-half

darkened, crabs that received histamine; solid circles,

crabs that received histamine plus diphenhydramine;

open circles, salme-injected controls. Vertical bars

indicate SEM.
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Table i . The means ( ± SEM) of the differences between the melanophore stages de-

termined at 15, 30, 60, 90, and 120 minutes of the intact crabs that received a

drug versus the saline-injected controls. The minus sign indicates decreased

melanin dispersion relative to the controls. *Statistically significant p^ .05

relative to respective controls.

4-Methyl histamine (4-MeHA)
Cimetidine

4-MeHA plus cimetidine

4-MeHA plus SA-97

a Methyl-p-Tyrosine (a-MPT)

4-MeHA plus a-MPT
Histamine (HA)
HAplus a-MPT

-0.67*(± 0.08)

-0.17 (± 0.01)

-0.39 (± 0.07)

-1.43*(± 0.12)

-1.15*(± 0.15)

-1.44*(± 0.21)

-1.18*(± 0.18)

-1.01*(± 0.12)

Backstrom, 1978; Douglas, 1980) or by

stimulating H2 receptors, thereby leading

to the observed decrement in MDHrelease

(Table 1). Hence, the melanin of these

a -MPT-treated crabs did not disperse to

the extent it did in the control animals.

As stated above, in the crabs co-injected

with 4-MeHA and a-MPT or HA and

a-MPT, neither 4-MeHA nor HA signifi-

cantly affected the melanin dispersion

compared with that which occurred in re-

sponse to a-MPT alone (Table 1). This pre-

sumably was due to the interference with

NE neurons by a-MPT in such a way that

the impulse-mediated decrement in NE
secretion by the H2 stimulators 4-MeHA
and HA was not large enough to affect

significantly the NE-mediated MDH
release.

The diphenhydramine-evoked increment

in melanin dispersion (Fig. 1) was pre-

sumably due to its blocking action on NE
uptake, (Marco et al., 1980). NE uptake,

inhibitors like nisoxetine (Koe, 1976) have

already been shown to potentiate MDH
release (Hanumante and Fingerman,

1981a). Diphenhydramine antagonizes H,

receptors (Isaac and Goth, 1965; Fantozzi

et al., 1975; Marco et al., 1980) also. How-
ever, because H, receptor blockers do not

significantly abolish HA- or 4-MeHA- (an

H: receptor agonist) mediated inhibition of

melanin dispersion, we suggest that the NE
uptake, blocking action of diphenhydra-

mmeis responsible for the potentiation of

melanin dispersion. The observation that

even when HA is co-administered with di-

phenhydramine there is still a decrease in

melanin dispersion (Fig. 1) indicates that

HAdoes not evoke its effect by stimulating

NE uptake,; uptake, being the major

mechanism of inactivating the postsyn-

aptic actions of monoamines including NE
(Fuller and Wong, 1977). That none of

these drugs affect significantly melanin

migration in isolated legs (Hanumante and

Fingerman, 1981b) is consistent with the

hypothesis that these drugs elicit changes

in melanin dispersion indirectly by inter-

acting with the neuroendocrine system of

Uca pugilator.
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